SUMMARY Five tests-satellitism, synthesis of porphyrins, acid production from sucrose, /3-galactosidase activity (ONPG), and indole production-to differentiate between strains of Haemophilus influenzae and strains of V-dependent Haemophilus species were evaluated. Six per cent of strains of H infiuenzae were misidentified as H parainfiuenzae by a test for satellitism using filter paper discs impregnated with X factor, V factor, or both, applied to Columbia Agar.
By definition, Haemophilus species require haemin or certain other porphyrins (X factor) and/ or nicotinamide adenine dinucleotide (NAD) or certain co-enzyme-like substances (V factor) for their multiplication. H influenzae requires both X and V factors for growth whereas most haemophili from the oral cavity are V-dependent. In the laboratory, these growth factor requirements are often determined by the application of paper discs containing X factor, V factor, or both, to different areas of a nutrient agar medium after it has been seeded with bacteria. Misidentification of H influenzae based on the results of this test alone is not uncommon.2 Some nutrient agars contain sufficient X factor, and some factor may also be carried over in the inoculum, to Accepted for publication 4 May 1983 enable the growth of H influenzae around the V factor disc. Other media fail to satisfy the exacting growth requirements of some haemophili, and the micro-organisms fail to grow around a disc containing X and V factors. A Test reagents (see below) were stored in 5 ml amounts at -20°C. For use, a 5 ml sample was thawed and kept for up to 7 days at 4°C. Indole tests were performed in glass tubes (Dreyer's tubes) and micro-titre trays were used for the other tests. For each isolate, a heavy bacterial suspension was prepared in saline. Unless otherwise stated, 25 ,lI of suspension was added to 50 ul of test reagent.
Indole production This was as described by Clarke and Cowan.8 Tests were incubated for 1 h or 2 h at 37°C before addition of Kovace reagent. The results were read after incubation for 1 h and 4 h at 37°C and after overnight incubation at room temperature.
Production of acid from sucrose The method was similar to that described by Pickett'" for characterising non-fermentative bacteria. The basal medium contained 5 ml of dipotassium hydrogen phosphate (0.5 mol/l), 1 ml pH indicator solution (phenol red (1% wt/vol) and crystal violet (0.1% wt/vol), and 0*5 g agar in 400 ml distilled water. The medium was stored at 4°C. For use, a sample was removed and boiled for about 5 min. For each test, 25 ,ul of bacterial suspension, 50 1.l of basal medium, and 25 ,l of sucrose solution (20% wt/vol) were mixed. The tests were incubated at 37°C and read after four hours and then after overnight at room temperature.
Urease activity Detection of urease activity was carried out on indole-negative strains of H infiuenzae, using the Evaluation of some methods for the laboratory identification of Haemophilus influenzae 
Results
In this study, isolates which, showed satellite growth around an XV disc on Columbia Agar, were nonhaemolytic on horse blood agar, and which were unable to synthesise porphyrins from 8-aminolaevulinic acid were considered to be H influenzae. Strains which grew around an XV disc on Columbia Agar, and which produced porphyrins from 8-aminolaevulinic acid were called V-dependent Haemophilus species. Some of these V-dependent species produced ,3-haemolysis.
During the period of study, 400 Hinfluenzae strains were correctly identified from routine clinical specimens by the disc test. Forty isolates, which were considered to be possible pathogens, were provisionally identified as Hparainfluenzae. Other tests-porphyrin synthesis, ONPG, and acid production from sucrose-showed that of these strains 25 were H influenzae. The disc test was repeated, and the growth of most of these strains in the vicinity of an XV disc was not clearly different from that around a disc containing V factor alone. A few strains grew better around the XV disc.
The influence of the medium on the growth and the X factor requirement of Haemophilus species is shown in Table 1 . With the exception of agar containing Proteose Peptone, on which 44% of strains grew, strains of H influenzae grew well on media supplemented with X and V factors (see Table 1 ).
None of the strains of H infiuenzae grew on Proteose
Peptone agar containing V factor alone, but about 5% of the strains grew on the other media with V factor. Various results were recorded for strains of H parainfluenzae with the different media. The majority of isolates grew on Columbia Agar and on Blood Agar Base No 2 supplemented with V factor, (93% and 95% respectively), but less satisfactory results were obtained with the other media ( Table  1 ). The recovery of Hparainfluenzae was improved by the addition of thiamine to Proteose Peptone agar (49% to 78% of strains grew).
The indole and ONPG tests were usually positive after 1 h incubation at 37°C. With some strains the ONPG test took 4 h, and, for one strain, overnight incubation was required. Sometimes a small colour change was noted in the ONPG test after overnight incubation, and was ignored. The production of porphyrins and the formation of acid from sucrose Table 2 shows the results of biochemical tests with 438 H influenzae strains and 126 V-dependent strains of Haemophilus species. The majority (80%) of strains of H influenzae produced indole from tryptophan, but 26% of strains dependent on V only also gave a positive result. All seven isolates of H influenzae from blood or CSF produced indole, and six of these strains were capsulated, type b. One non-capsulated strain of H influenzae was isolated from the blood of a patient with acquired agammaglobulinaemia. Indole-negative strains of H influenzae were more likely to have been isolated from eyes (15/48; 31 %) than from sputum specimens (61/330; 18%). Sixty-nine per cent of indole-negative strains belonged to H inflenzae biotype III (urease positive, ornithine decarboxylase negative), as described by Kilian,' and 21 % to biotype IV (urease and ornithine decarboxylase positive). Eleven per cent of these strains were urease-negative and ornithine decarboxylase-positive, and probably represent a biotype additional to those described by Kilian.7 None of 438 strains of H influenzae produced acid from sucrose, and none gave a positive ONPG test (Table 2 ). In contrast, 122 (97%) of V-dependent Haemophilus species produced acid from sucrose, and 101 (80%) were ONPG positive. Although most V-dependent isolates were identified as H parainfljenzae, 15 strains produced indole (12 of these were also ONPG positive) and could not be assigned to any species.
Sixteen isolates produced 8-haemolysis on horse blood agar; of these strains, two were Haemophilus haemolyticus (XV-dependent) and 14 were dependent on V alone. Both isolates of H haemolyticus produced indole, and did not produce acid from sucrose. One of the strains gave a positive ONPG test. All the haemolytic V-dependent strains produced acid from sucrose, two produced indole, and nine were ONPG positive.
Discussion
A test for satellitism is widely used to determine the growth factor requirements of Haemophilus species.
H influenzae grows on plain nutrient agar around a paper disc containing X and V factor, but fails to do so around a disc containing X or V factor alone. In practice, several workers 
